1. Total body potassium was measured in professional football players before the football season began and at approximately mid-season. The values obtained were significantly higher than in healthy subjects taking only average exercise. There was a significant increase in body potassium as the season progressed.
cold (Hume & Weyers, 1973) , could produce a profound fall in LAA, which appeared to be under the influence of the adrenal glands.
SUBJECTS AND METHODS
Thirty-one professional soccer players participated in the study. Total body potassium was measured with the Merlin mobile whole-body radioactivity monitor (Boddy, 1967) and by the procedure described previously (Boddy, King, Tothill & Strong, 1971) . Measurements were made before the soccer season began and at approximately mid-season; twenty-two subjects were studied on both occasions. Corresponding measurements of subscapular and triceps skinfold thickness were made. Subjects 1-1 1 ( Table I) were engaged in various forms of heavy training before the season and the measurements began. The others had done little or only light training before the season began.
Erythrocyte potassium concentration was measured in twenty players pre-season and before and after exercise at mid-season. Plasma potassium was measured in twenty-two players. Erythrocyte and plasma potassium were also determined in male control subjects matched for age. Erythrocyte potassium was measured by a modification of the method of Hald (1946) . This method utilizes the measurement of whole blood potassium, plasma potassium and packed cell volume (PCV) in the following way:
(Whole blood K-plasma K) PCV x 100 +plasma K Erythrocyte K = where whole blood and plasma potassium are measured in mmol/l and PCV in %. The wholeblood and plasma potassium levels were determined with a Technicon AutoAnalyzer Mk I1 flame photometer, sodium being added to the whole-blood haemolysate to give a final concentration of about 140 mmol/l. This enabled the use of the same standard solutions for both plasma potassium and whole-blood potassium determinations. The PCV was estimated by microhaematocrit (Hawksley).
Lean body mass (LBM) was estimated in each player from weight and height (Hume & Weyers, 1971) , from the measured TBK (Forbes, Gallup & Hursh, 1961 ; Boddy et al., 1972) and from measurements of subscapular and triceps skinfold thickness using the relationships : body density = 1*1525-0*0687 log [sum of subscapular and triceps thickness (mm)] (J. Womersley, personal communication) and % fat = (4-95/density -4-5) x 100 (Siri, 1956 ).
In twenty-nine players, leucocyte counts and LAA were measured in each individual before and at the end of a vigorous 2 h training session at mid-season, by using methods described elsewhere (Hume et al., 1972) . The training session involved exercises and running, after which the players were obviously physically distressed.
The data in all groups were shown to be normally distributed by inspection of histograms of the observed frequency distributions and comparison with the theoretical normal frequency by the chi-squared goodness of fit test. Mean values were compared by using the unpaired t-test and corresponding values in individual subjects were examined by using a paired t-test.
Additionally, a Spearman's rank correlation test was applied to the relation between leucocyte counts and LAA.
RESULTS
Relevant details of each subject, the measured TBK, the estimated normal TBK and skinfold thicknesses are summarized in Table 1 . The measured TBK was significantly greater than the normal values estimated from the player's height, weight and age, and from height and age both pre-season and mid-season (Pc0.001). With the exception of nos. 9 and 29, the measured TBK was consistently greater than the estimated TBK both pre-and mid-season and in thirteen of the twenty-seven players examined pre-season and in fourteen of the twenty-five players examined mid-season the difference was significant at the 5% level or less. As shown also in Table 1 , there was a significant increase in TBK (0.02>P>0.01) in the twenty-two players measured both pre-season and mid-season. The mean increase was 101 mmol of K. In these players, body weight and lean body mass (Hume & Weyers, 1971) increased significantly over the period of the study (P<0-02) but TBK/kg body weight and TBK/kg LBM were not significantly changed (P >0.05). However, from the skinfold measurements lean body mass did not change significantly.
The means The mean erythrocyte potassium in twenty players at pre-season (96.7 &Om90 mmol/l) was significantly lower than at mid-season (99-6kO-79 mmol/l; Pc0.01, t = 2.99), and was also lower than in a group of twenty normal male subjects matched approximately for weight, height and age (101-2kO-99 mmol/l; PcO-01, t = 3-38). The mid-season value was not significantly different from normal (P>O-O5, t = 1.05). Conversely, plasma potassium in twenty-two players at pre-season (4.40 k 0.06 mmol/l) was significantly higher than at mid-season (4-1 5 A 0-09 mmol/l; Pc0.02, t = 2-61) and than in the twenty-two controls (4-10f0-06 mmol/l; P<O.OOI, t = 4-71). The mid-season value was not significantly different from normal (P>O-O5, t = 1-26).
Values for erythrocyte potassium obtained before (99.6 k 0.79 mmol/l) and after (100.1 A1.0 mmol/l) a 2 h training session at mid-season were not significantly different (P>0.05, t = 0.57). Values of plasma potassium before (4.15+0.09 mmol/l) and after the 2 h training session (4.01 &O-06 mmol/l) at mid-season were different at the 8% level (P = 0.08, t = 1-86).
The difference in the leucocyte counts before and after a 2 h training session was related to the difference in the LAA before and after the training session. An inverse relationship was found between these two measurements, as shown in Fig. 1 . The increase in the leucocyte count correlated significantly (r = 0-52, PcO-02) with the decrease in LAA. The significance of the correlation was confirmed by using Spearman's rank correlation test (r = 0-42, PcO-05).
DISCUSSION
Total body potassium measured in the players was significantly greater than expected (Boddy et al., 1972) both pre-season and mid-season. In twenty-seven instances the individual TBK value exceeded the expected TBK and on average the measured value was greater than the expected value by 12.9 and 13.7% at pre-and mid-season respectively ranging up to 31.2% greater (subject 5). The players could be classified into two general groups. In the first group (subjects 1-1 I), the players were engaged in heavy training before the season began and TBK and body weight measured pre-season and at mid-season were essentially unchanged in these players. The second group comprised players (subjects 12-22) who had done little or only light training pre-season, and there was evidence that TBK and body weight increased in these individuals as the season progressed. The few data for TBK in athletes (Novak, Hyatt & Alex- ander, 1968) have been summarized and compared with our present and previous findings in Table 2 . The measured TBK in the present players was similar to that of the other athletes of comparable body weight but greater than in normal young male subjects (18-30 years) (Boddy et al., 1972; Womersley, Boddy, King & Durnin, 1972) . This is reflected also in the mean value for TBK/kg body weight, which in the players falls within the range of values obtained in the American groups (Novak et al., 1968) and confirms a higher level in athletes than in nonathletic controls. The estimates of lean body mass in the present players by the four methods were not entirely consistent. The values from the TBK measurements and skinfold thicknesses were in fair agreement (about 90% body weight), and discrepancies lay within the errors of the constants of C the methods. Nevertheless, apparent limitations of estimating lean body mass in 'ultra-fit' subjects from skinfold thicknesses could be demonstrated. In several cases, the measured skinfold thickness at a particular site changed from pre-season to mid-season to a remarkable extent; for example, in subjects 7, 9, 14, 16, 18,20 and 22. The change in the triceps measurements of subject 16 was 250% whereas the derived lean body mass changed only from 87.8% to 84.1%. In this and other instances, an apparent change in the reverse direction over the second site had a compensatory effect on the sum of the skinfold thicknesses used to estimate body density and hence % fat, thereby fortuitously obscuring a large variation from one measurement to another. The use of the logarithm of the sum of the skinfold thicknesses further reduced the influence of the measurement on the estimated body density because the constant term in the equation, given earlier, is large (1.1 525) compared with the subtracted term (ranging from 0-0667 to 0.0925 in the present subjects) and altering the constant by only 5-8-8-0%. The % fat, subsequently derived, is then subtracted from 100% to give % LBM. Consequently, if a typical fat value of 10% was incorrect by a factor of 2, the apparent lean body mass would change only from 90% to SO%, which is a much smaller fractional change. This suggests, bearing in mind also the errors of the constants in the regression equations, that skinfold thickness measurements, at least such as these, will be insensitive indicators of small changes or differences in LBM in the ultra-fit. However, the lean body mass values derived from the weight and height relationships (Hume & Weyers, 1971) were consistently lower than those from TBK and skinfold measurements by some 10%. This would be expected if lean body mass is a variable fraction of the body weight, as suggested by the differences in TBK/kg body weight in the players and athletes compared with the non-athletic controls, whereas the formulae imply a fixed relationship between lean body mass and body weight. For comparison with the data of Novak et al. (1968) in Table 2 , lean body mass derived from the skinfold measurements was used as it was independent of the TBK measurements. The lean body mass (% body weight)
in the players was intermediate between that of the swimmers, athletes and gymnasts and of the American footballers, baseball players and controls. The mean value of TBK/kg lean body mass was effectively constant in all groups and no trend was obvious. The changes in erythrocyte and plasma potassium from pre-to mid-season were apparently reciprocal. The increase in erythrocyte potassium and decrease in plasma potassium could suggest a shift of potassium from extracellular to intracellular compartments with training. The influence of training is also suggested by the difference in these values between the players and controls. Further, a single 2 h training session produced no significant change in erythrocyte potassium but there was a decrease in plasma potassium. A mean weight loss of 0-65 kg, presumably as sweat, occurred during the training session and, as a result, an increase of plasma potassium with dehydration might have been expected. If exercise promotes haemolysis, as in march haemoglobinuria (Wintrobe, 1961) , an increase in plasma potassium might also be expected. The observed decrease in plasma potassium, despite these contrary effects, suggests that there is some transfer of potassium from the extracellular to the intracellular compartment as a result of the non-traumatic stress.
The highest concentration of ascorbic acid in the mammalian body is in the adrenal gland (Knox & Goswani, 1961) and, although there is doubt as to its precise role in steroid metabolism (Kitabchi, 1967) , there is an inverse relationship between the amount of ascorbic acid in the gland and the increased activity of the gland in states of stress (Booker, Da Costa, Tureman, Froix & Jones, 1955) . It has been shown that after a major stressful event such as a myocardial infarction (Hume et al., 1972) or a minor stressful event such as the common cold (Hume & Weyers, 1973) there is a marked fall in the LAA within 24 h of the event and, in myocardial infarction, the LAA only gradually reaches normal levels at the end of 2 weeks, and, for the common cold, at the end of 5 days, which coincides with the healing of the disease. The sharp fall in LAA after a myocardial infarction is associated with a sharp rise in the serum cortisol level and leucocyte count, suggesting that the change in LAA is a response to stress and under the control of the adrenal glands. Both the instances cited involve tissue trauma of varying degrees. It was of particular interest therefore that similar changes were observed as a result of a 2 h training session involving vigorous exercise, which was a source of stress not generally considered to involve trauma.
